Introduction: Traumatic pancreatic injuries are rare, and morbidity and mortality information are often conflicting. To determine the frequency and outcomes of patients presenting with trauma to the pancreas, we reviewed data from a large multi-institutional healthcare system for mechanism of injury, intervention, subsequent complications, in-hospital morbidity rates, and mortality. Methods: We performed a retrospective analysis of records of all pancreatic injury cases seen at four healthcare centers from 1990 to 2014. Descriptive measures are presented for continuous and categorical data. Mortality rates were obtained using the publicly accessible Social Security Death Master File. Results: Of 69 patients with pancreatic injuries, median age was 24 years (range 1-88). Mechanisms of injury were blunt in 87% and penetrating in 11.8%. The median injury grade was 1. Most injuries involved the pancreatic head (24.6%). Median Injury Severity Score at presentation was 9. Thirty-seven (53.6%) patients required surgery. Twenty-five patients (36.2%) required total parenteral nutrition, 34 patients (49.3%) developed intra-abdominal fluid collections, 24 patients (34.8%) developed acute pancreatitis, and three (4.4%) developed endocrine insufficiency requiring insulin. Ten (14.5%) patients died. There were four (5.8%) readmissions and one re-operation (1.4%) within 30 days of discharge. Conclusion: Traumatic pancreatic injuries occur most frequently in young healthy males with little or no comorbidities, and are generally associated with other acute injuries. Contrary to past reports, our results revealed a low mortality rate but significant morbidity, with the most common complications being intra-abdominal fluid collections, acute pancreatitis, and a need for total parenteral nutrition.
Introduction
Traumatic injuries of the pancreas are rare. Due to the small numbers and inadequate follow-up, data are lacking on the outcomes of the different patterns of injury and modalities of management. Pancreatic traumatic injuries occur in 0.2% of patients with blunt trauma and 1-12% of patients with penetrating trauma. 1 The modality of management depends on the clinical presentation and hemodynamic stability of the patient, the degree and location of parenchymal injury, the integrity of the main pancreatic duct, and the associated injuries to other organs. 1 The rarity of pancreatic injuries is further complicated by the absence of specific diagnostic clinical or laboratory tests, and the consequent delay in diagnosis adds to morbidity and mortality. 2 The use of laboratory blood tests in the diagnosis of traumatic pancreatic injury is questionable, and prior publications have had mixed results. Knowledge about the utility of laboratory tests in diagnosis, as well as the short-and long-term complications of traumatic pancreatic injuries would help surgeons and other clinicians develop optimal clinical guidelines for diagnosis, immediate, and long-term management of patients with these injuries.
This article presents a detailed description of the patterns and outcomes of traumatic pancreatic injuries seen at four trauma hospitals in our health system from 1990 to 2014, with the aim of contributing much needed information to the body of literature on this subject.
Materials and methods
All patients included in this study were from the trauma hospitals of the Northwell Health System in the state of New York. Hospitals involved were: North Shore University Hospital, Cohen's Children's Medical Center, Huntington Hospital, and the Staten Island University Hospital. Regulatory approval was obtained from the Northwell Health System Institutional Review Board (IRB). Patients were identified from the medical records using the International Classification of Diseases Ninth Revision (ICD-9) discharge codes corresponding to traumatic pancreatic injuries from 1990 to 2014, and a waiver of informed consent was granted by the IRB. Data were abstracted by a comprehensive review of the patients' paper and electronic health records, and entered into a Research Electronic Data Capture (REDCap) database for the purpose of this study. Descriptive measures are presented for continuous and categorical data. Mortality data were obtained from the publicly accessible Social Security Death Master File (SS-DMF). Spearman's rank correlation analysis was used to determine the relationship between time from injury to presentation, and laboratory values. Spearman's rank correlation coefficients (rho / ) were computed for the variables.
A result was considered statistically significant at the p < 0.05 level of significance. All analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC).
Results
Over the study period there were 69 patients with pancreatic injuries: the median age was 24 years (range ¼ 1-88), 52.2% were non-Hispanic, 56.5% Caucasian, and 72.5% male (Table 1) ; on average there were no comorbidities. The mechanisms of injury were blunt in 87% (motor vehicle collision (MVC), 46.7%; falls, 16.6%; and bicycle-related, 16.6 %) and penetrating in 11.8% with an overall median injury grade of one.
The commonest location of injury was the head (24.6%) and then tail (18.8%) with only four (5.8%) patients with ductal injuries (Table 2 ). The median Injury Severity Score (ISS) at presentation was nine (range 1-50), with 49 (71.0%) patients requiring ICU admission with a median ICU length of stay (LOS) of five days. Concomitant thoracoabdominal injuries were common with 24/69 (34.8%) patients with chest injuries, of which half were lung injuries and 43/69 (62.3%) patients experienced other abdominal injuries of which the single commonest injured organ was the liver (40.5%) ( Table 3) . Thirty-seven (53.6%) patients required surgery which included 14 (37.8%) distal pancreatectomies (Table 4) ; 27 patients needed blood transfusion with a median of four units and 25 patients (36.2%) required parenteral nutrition.
Thirty-four patients (49.3%) developed intraabdominal fluid collections, 24 patients (34.8%) developed acute pancreatitis, and three (4.4%) developed endocrine insufficiency requiring insulin. Ten (14.5%) patients died, there were four (5.8%) readmissions and one required re-operation (1.4%) within 30 days of discharge (Table 5 ). Spearman's rank correlation analysis showed weak positive correlation between time from injury to presentation and lipase (rho ¼ 0.444, injury to presentation and blood levels of lipase and amylase, respectively.
Discussion
The objective of this retrospective study was to determine the mechanisms of injury, patterns, and outcomes following traumatic injuries to the pancreas in patients from four healthcare institutions in the state of New York. Traumatic pancreatic injuries are usually missed due to a combination of factors, the retroperitoneal location of the organ, non-specific diagnostic tools, and the rarity of these injuries, which all lead to a low index of suspicion. We present the experience from patients with these rare injuries seen at our institutions in order to contribute to the body of knowledge available and to increase provider suspicion of pancreatic trauma in patients presenting with abdominal trauma of any sort. These data of the most common short-and long-term complications should also aid clinicians in developing appropriate guidelines for follow-up and monitoring. Patients who presented with pancreatic trauma tended to be young healthy males with a median age of 24 years and no comorbidities, as described by other authors both nationally 3 and internationally. 4, 5 Injuries to the pancreas tended to be secondary to blunt trauma, with MVCs, bicycle accidents, falls, and sports-related mechanisms occurring most frequently, as in previously published series. 4 While direct injury to the epigastrium inflicted by a bicycle handlebar or car steering wheel raises the suspicion of pancreatic trauma, approximately one-third of blunt injuries in this series did not involve either of these mechanisms, suggesting that pancreatic injury should be considered in any blunt trauma. Of the instances of penetrating trauma, four patients suffered gunshot wounds involving the pancreas, while two patients presented with stab wounds or other injuries.
Median time from injury to presentation was quite short at 1 h (range ¼ 0.25-96 h). Injuries to the pancreas tended to be low-grade, with a median injury grade of 1. According to the Eastern Association for the Surgery of Trauma (EAST) guidelines, using the American Association for the Surgery of Trauma (AAST) classification, grade I and II injuries to the pancreas, which by definition have no ductal involvement, should be treated with drainage. Grade III injuries should receive resection in addition to drainage, and grade IV and V injuries had no recommendations made. 6 In accordance with these recommendations, management strategies for the patients in our study should have been skewed towards drainage alone. However, operative management for pancreaticoduodenal trauma has declined with time, 7 and therefore our sample from the last 25 years will not reflect this trend of non-operative management. Lipase measured in U/L Time to presentaƟon measured in hours Diagnoses of pancreatic injury were most often made radiographically (59.4%), with computerized tomography (CT) scans used much more frequently compared to magnetic resonance imaging (MRI) or magnetic resonance cholangiopancreatography (MRCP), likely due to the emergent need for imaging. Spiral abdominal CTs have a sensitivity of 68% for diagnosing pancreatic injury; 8 however, pancreatic trauma is subtle on CT, making diagnosis extremely reliant on the skill of the technician, and the experience of the radiologist. Missed diagnoses have been reported to occur between 1.3% and 47% of the time. 9 Considering the rapid advancement in imaging technology, we predict the diagnostic utility of CTs for pancreatic trauma will improve sufficiently to make imaging the most important pre-operative method of diagnosis. Overall, nearly half (43.5%) of our study population had a diagnosis of pancreatic injury made intra-operatively. Some of these patients required laparotomies for other injuries, and some patients had confirmation of injury which was previously diagnosed radiographically. In decreasing order of likelihood, the head, tail, and body of the pancreas were more likely to be injured compared to the neck of the pancreas. The frequencies of injuries involving the first three sites were statistically similar (24.6%, 18.8%, and 17.4%). Ductal injury was absent in the vast majority of cases, again reaffirming the appropriateness of drainage management. 6 None of the four cases involving pancreatic ductal injury were diagnosed using endoscopic retrograde cholangiopancreatography (ERCP), likely due to time constraints, equipment and operator availability, and the risk of inducing pancreatitis. 10, 11 Laboratory parameters used for diagnosis of traumatic pancreatic injury is currently an area of contention. In this series, patients with pancreatic injury had a median amylase level of 109.5 U/L, and a median lipase of 232 U/L on admission, suggesting that these laboratory values should not be considered indicators of pancreatic trauma. Elevated amylase does raise clinical suspicion for pancreatic injury, but not all trauma patients with elevated amylase have pancreatic injuries. 12 It is also important to note that not all patients with pancreatic injuries will have elevated amylase levels, particularly early in their presentation. 13 Takishima et al. found that in their blunt pancreatic injury population, post-injury serum amylase was only invariably elevated from 3 h after the injury. 14 Matsuno et al. similarly found that levels of serum amylase and lipase were elevated 2 h post-pancreatic trauma, but only the former was significant. 15 However, our analysis demonstrated a Spearman correlation coefficient between amylase and time to presentation of 0.36, suggesting that as post-injury time increases, amylase does not necessarily become more sensitive for trauma (Table 6 ). Lipase elevations only slightly correlated more strongly with time from injury to presentation, with a coefficient of 0.44. Considering the current practice of trending amylase and lipase for pancreatic trauma, the lack of a strong proportional relationship between these laboratory values and time needs to be considered when evaluating the evolution of hyperamylasemia and hyperlipasemia over time. The sensitivity of amylase for blunt pancreatic injury can vary from 48% to 85%, and specificity from 0% to 81%. 16 Elevated lipase had a sensitivity of 76.5% and a specificity of 85.3% in Europe, with a positive predictive value of 3.3%. 17 Mahajan et al. advocate for the utility of amylase and lipase in pancreatic trauma. When used in conjunction with each other, these laboratory tests had a sensitivity of 85% and a specificity of 100% for diagnosis of pancreatic injury. 18 However, this reliability is only present 6 h post-injury. As the majority of our patients presented within an hour after injury, it is unlikely that a surgeon would wait 5 h for a suggestive amylase and lipase elevation before deciding on management, particularly for the higher mechanism injuries. While elevated amylase and lipase have been considered indicators of pancreatic injury, these values have limited evidence and do not indicate the presence or absence of pancreatic trauma in the current clinical setting.
Other laboratory values and time to presentation for pancreatic trauma have not been rigorously evaluated in prior studies. We found a moderate correlation coefficient for lipase (0.44) and a weak correlation for amylase (0.36), alkaline phosphatase (0.38), AST (À0.31), AST (À0.33), lactate (À0.30), and bicarbonate (0.33). However, no significant correlation exists between time to presentation and total bilirubin (0.15), hemoglobin (0.06), hematocrit (À0.10), and pH (À0.13). Therefore, it would not be clinically useful to trend these values over time for the purpose of evaluating pancreatic trauma.
In their similarly sized study of patients with traumatic pancreatic injuries, Hwang and Choi found that a Glasgow Coma Scale (GCS) score of less than 13 was a significant predictor of mortality. 4 In the present study, patients tended to present without altered level of consciousness, with a median GCS score of 15. This finding emphasizes the need to suspect the presence of pancreatic traumatic injuries even in alert patients who are clinically stable.
Upon admission, 39.1% of patients received blood transfusions, with a median of 4 units transfused. Hwang and Choi concluded that requirement of blood transfusion was predictive of mortality but not morbidity in traumatic pancreatic injury patients. 4 This result underscores the dire need for rapid identification of patients requiring transfusion. Patients presenting with pancreatic trauma had a high rate of polytrauma, with concomitant injury to other abdominal organs occurring with high frequency. The more commonly affected organs were the liver, spleen, abdominal vasculature, colon, duodenum, kidney, and stomach. Chest trauma was also present in over a third of pancreatic trauma patients, with rib fractures and lung injury being most common. Indeed, Krige et al. report a high incidence of concomitant liver, stomach, spleen, diaphragm, colon, kidney, duodenum, and vascular injury. 19, 20 Long bone fractures, head injury, pelvic fractures, and spine fractures were also sustained, but with less frequency. Despite this high incidence of polytrauma, the median ISS of our sample was nine with a wide range of scores from 1 to 50. Overall, our sample was less severely injured than the observed populations of similar studies. 4, 3 Operative management was slightly more common than non-operative management, with majority of operative patients requiring a laparotomy. Of the 16 patients who needed a pancreatic resection, 87.5% underwent distal pancreatectomies. Of the 17 patients who did not undergo resection, drain placement, direct injury repair, and hematoma evacuation were the most common procedures performed. Resections or drainage appear to be the most common types of operative management. The findings of our study mirror those of Krige et al., who observed that of 34 patients presenting with isolated pancreatic injury who were surgically treated, 58.8% underwent distal pancreatectomy, and 41.1% had external drains placed. 21 In the present study, a high percentage of patients had coexisting abdominal injuries treated at the same time as the pancreatic injury.
We found intra-abdominal fluid collections in 49.3%, 36.2% of patients required total parenteral nutrition (TPN), and post-injury acute pancreatitis occurred in 34.8%. There were very low occurrences of post-injury pancreatic hematomas, necrosis, pseudocysts, abscess formation, and endocrine insufficiency requiring insulin. No patients developed a pancreatic fistula or exocrine insufficiency. A large study in South Africa found rates of development of intraabdominal fluid collections of 26.6%, pancreatic pseudocysts of 2.8%, pancreatic fistulae development of 11.6%, and traumatic pancreatitis of 1.9%. 19 The differences observed in comparison to our study may be due to the large proportion of penetrating injuries, or differences in diagnostic criteria at their institution. Operative management is correlated nationally with morbidity, which may be due to the severity of injuries requiring operation. 7 Logistic regression analysis of a large population found that grade of injury and repeat laparotomy were significant predictors of morbidity. 19 Currently, pancreatic fistulas and pseudocysts are considered to be major complications, developing in 10% and 15%, respectively, of patients managed surgically. 22 The low rate of development of these complications in our cohort could be due to institution-specific differences in diagnosis. However, further research is needed to determine if there is an underlying difference in surgical technique or management at these institutions that account for the low rate of complications. Considering the overall high rate of complications, we suggest having a high index of suspicion for the development of intra-abdominal fluid collections and post-injury pancreatitis. TPN requirements should be anticipated in a significant number of these patients.
Traumatic pancreatic injuries present an enormous cost to a healthcare system due to the complex management and the high incidence of complications. The rate of admission to the ICU for this sample was 71%, with a median LOS of five days. Using data from a study performed in 2015 in the Bronx, New York, five days in a surgical ICU could incur a cost of as much as $10,000 per patient. 23 A management strategy that limits ICU stay without compromising outcomes would be beneficial to any healthcare system; the median LOS in the hospital was 10 days.
Admission and management-related complications were quite low. Within 30 days of injury, only 6% of patients were readmitted, while only 1.5% needed a re-operation for non-pancreas-related injuries. Mortality for pancreatic trauma varies from 7.2% for non-operative cases and 15% for operative cases, 24 to 40% for both. 25 Our cohort had a mortality rate of 14.5%, of which shock accounted for 40% of all deaths. Four of the six deaths that occurred in the hospital were within a day of the injury. Krige et al. found similar mortality (15.7%) in South Africa and correlated the following variables to mortality: age, trauma score, shock, median number of units of blood transfused, and the presence of complications. 19 Nationally, the mortality for patients managed operatively has not changed from 15% between 1998 and 2009, and mortality in patients managed conservatively has only decreased slightly to 8.6%, suggesting that there is still much room for improvement in mortality of pancreatic trauma. 7 By consolidating data on traumatic pancreatic injuries incurred over 25 years in four hospitals within a large multi-institutional healthcare system, we are able to make several generalizations regarding these injuries to aid in their identification.
There should be a high index of suspicion for traumatic pancreatic injuries when young male patients present to the emergency department with chest and/or abdominal trauma. Furthermore, during the course of management and follow-up, careful attention should be paid to the potential development of intra-abdominal fluid collections, acute pancreatitis, and the potential need for TPN.
There are several weaknesses in our study that must be acknowledged. Firstly, the data spans a period of 25 years, and involves patients seen at four separate hospitals. We suspect that the treatment strategies employed for these injuries would have changed significantly over time, making it difficult to draw any logical conclusions about outcomes based on treatment received. Some data were missing from the medical records. The study is retrospective in design, and therefore has all the limitations inherent to retrospective studies. Lastly, due to the low rates of morbidity and mortality, we were unable to apply multivariate logistic regression to identify independent predictors of these outcomes.
In spite of these limitations, this retrospective review has significant strengths. The present sample of 69 patients is significant given how rare traumatic pancreatic injuries are in acute settings. Furthermore, the inclusion of patients from several institutions allows greater generalizability of our findings.
Recommendations for future research would be to firstly increase the sample size. While the present study's sample size of 69 patients is significant for an injury of this rarity, a sample of this size precludes much more detailed and sub-group analyses. Future investigations examining differences in rates of complications and outcome based on time from injury to presentation as well as method of diagnosis of pancreatic traumatic injuries would be valuable. Analyses comparing outcomes in pediatric and adult populations, as well as those between patients treated operatively and nonoperatively, are currently in progress.
Conclusion
Traumatic pancreatic injuries present unique challenges in the emergent setting due to its non-specific symptomatology and presence in the context of polytrauma. These injuries should be suspected in young healthy patients, particularly adult males with blunt trauma to the abdomen. Current diagnostic tools make it difficult to diagnose pancreatic injuries due to low sensitivities, particularly when the time between injury and presentation is short. Normal imaging, and amylase and lipase levels should not exclude the diagnosis of pancreatic trauma. The most common complications of intra-abdominal fluid collections, TPN requirement, and acute pancreatitis should be suspected and anticipated during management and follow-up.
